Several electrometallurgical processes involve the heating of carbonaceous electrode material during which volatile coal tar pitch products and, in particular, polycyclic aromatic hydrocarbons (PAH), may be released. These exposures, together with the occurrence of hot metals, asbestos, and a variety of known and unknown components in dust and fumes from such processes pose a potential health hazard to the workers concerned. An increased risk of cancer, and of lung cancer in particular, has been reported from several electrometallurgical industries.' 4 To our knowledge, no epidemiological study of cancer has been performed among employees in the calcium carbide industry.
Calcium carbide was traditionally produced for the purpose of illumination, mainly for the mining and the fishing industry. Today, its main use is in the industrial production of acetylene, used for welding and cutting, and in the manufacturing of calcium cyanamide and in the pyrotechnics industry. The major use of calcium cyanamide is as a fertiliser. It is also being increasingly used as a chemical intermediate in the production of dicyandiamide, which in turn may be polymerised to the widely used resin monomer, melamine.
The production of calcium carbide and of ferroalloys in Norway involves electrothermal reduction in three phase arc furnaces with Soderberg electrodes and carbon as the reduction agent. Both processes thereby imply exposure to common, potentially Accepted 1 July 1985 harmful combustion products. In 1975 a cooperative study of the risk of cancer in the Norwegian ferroalloy and calcium carbide industry was initiated by the Health Board of the Norwegian Ferroalloy Industry. This report concerns the incidence of cancer in a cohort of calcium carbide producing workers; the results concerning the ferroalloy industry are presented elsewhere.5
Production process
The only plant in Norway producing calcium carbide was established in 1908 and is located in Odda, a small community at the head of one of the fjords in western Norway. Apart from calcium carbide, the plant has also produced calcium cyanamide and dicyandiamide for many years. In addition to the study plant there are two dominant metallurgical plants in the area that up to recently have produced zinc, cadmium, and aluminium.
The initial step in the production of calcium carbide is the burning of limestone to quicklime in a lime burner, where calcium carbonate is reduced to calcium oxide: CaCO3 = CaO + CO2. A mixture of crushed quicklime and coke or anthracite is then electrothermally reduced in two closed three phased arc furnaces with Sdderberg electrodes at 21000 Celsius:
CaO + 3C = CaC2 + CO. In the presence of water, acetylene may develop: CaC2 + 2H20= C2H2 + Ca(OH)2. At 1050°Celsius calcium carbide reacts with nitrogen to form calcium cyanamide: CaC2 + N2 = CaCN2 + C, which in turn is transformed to 238 dicyandiamide in the presence of water and carbon dioxide.
The principal harmful exposures connected with the process are heat, and air pollution by calcium carbide, quicklime, anthracite dust, carbon monoxide, and acetylene. Calcium carbide exerts a pronounced effect on the skin and mucous membranes due to formation of calcium hydroxide on reaction with moisture or sweat. Impurities of calcium phosphate or calcium arsenate may, when moistened, give rise to the extremely toxic gases phosphine and arsine.
Exposure to PAH is not considered a general problem in the process, but some occupational tasks such as mantle welding and pitching of anode paste might include intermittent exposure. Kjuus, Andersen, and Lang&rd tionally been stable, however, reflected by the fact that nearly 60% of those employed in the period 1953-69 had been employed for 10 years or more. Of the 1055 persons available for study, 46 women were excluded owing to their low number and absence of relevant occupational exposures. Personal identification numbers were initially missing for 645 of the male employees, but through local and national registry offices such identification was traced for most of them.
Altogether 35 or' 35% of the cohort were lost to follow up. One person with incomplete employment data was excluded from the study. Subjects employed after 1 January 1970 or with a total employment time of less than 18 months were also excluded, leaving a cohort of 790 men for further examination. Table 1 gives a summary of the formation of the cohort.
The plant provided personnel records for all cohort members which included name, date of birth, period of employment, and place of work within the plant. Ten different occupational categories were defined, and each person was allocated to the category in which he had been employed for the longest time. A person with more than 10 years of furnace work was classified into the "furnace worker" category, irrespective of the duration of other jobs. Thirty eight subjects employed at the lime burner were also classified as furnace workers.
The cohort has been observed for total mortality and for the incidence of cancer and the follow up period has been 30 years, from 1 January 1953 to the end of 1982. As the cohort consisted of those working in 1953, this means that those who terminated their employment before 1953 but were still alive in that year were not included in the cohort. The cases of cancer were identified through the Cancer Registry of Norway, and the observed incidence of cancer in the cohort has been comnpared with the incidence of cancer in the total male Norwegian population. Further details concerning the identification of the cancer cases, together with the method used for estimating the expected figures, have been described elsewhere.5 Standardised mortality ratios (SMRs) have been cal--culated for overall mortality and standardised incidence ratios (SIRs) for selected cancer sites. Ninety five per cent confidence intervals (CI) and two sided p va.lues have been estimated, assuming a Poisson distribution for the observed number of cases. Table 2 shows the total mortality experience of the cohort and the total incidence of cancer during 1953-82. The 790 men accounted for 18 779 personyears. The observed number of deaths were less than expected, with a SMR of 0-93. There were 92 cases of Table 5 shows total mortality, and incidence of selected cancers among those employed in two different employment periods (1920-49 and 1950-69) . The mortality was similar for those employed before and after 1950 (SMR = 0 93 for both periods), but the observed excess of all cancer was seen mainly among those from the latter employment period. There were also higher SIRs for lung cancer and colonic cancer in the more recent employment period (table 5) . The possibility of a selective loss of deaths from the older part of the cohort is, therefore, not supported by these figures. In addition, during the observation period the mortality in the county in which the plant is located has been stable at around 93-95% of the national figures. The possible outcome dependent loss of cohort participation is, therefore, expected to be of a limited extent, and as the healthy worker effect is expected to influence mortality more than the incidence of cancer,7 a substantial deficit of cases of cancer in the observed cohort seems to be highly unlikely.
Results
On the other hand, as the oldest part of the population studied may be considered as a "cross sectional" cohort, cumulative exposure of these subjects before cohort admission might lead to higher mortality figures than for an inception cohort with a similar exposure.6 The importance of this chronological bias, however, is dependent on the strength of association between exposure and effect, and does not seem to have played any important part in the present study. An observed overall SMR, similar to that observed in corresponding inception cohorts of ferroalloy workers in the same project, strengthens this assumption.5
From the previous knowledge of potential exposures to carcinogenic agents connected with the calcium carbide process, the occurrence of respiratory cancer in the cohort is of particular interest. We know that asbestos has been in regular use at the plant in previous years, mainly as an insulation material around the furnaces and some additional use at the mechanic shop. Furthermore, it is known that the electrothermal reduction of iron containing ores with carbon in furnaces with S6derberg electrodes involves low grade exposure to PAH. As the same furnace equipment and reduction agents are used in the production of calcium carbide, the furnace workers at the study plant are also expected to have potentially sporadic exposures to PAH.
Although no significant excess of lung cancer in the total cohort was observed (SIR = 1 15), the highest SIR was observed among furnace and maintenance workers (6 cases observed, 3-85 expected). No trend in SIR was observed with duration of employment, however. Retrospective smoking information for the total cohort was not available, but a smoking survey was performed among all employees at the plant in 1977. Among 458 subjects, 59% were daily smokers, compared with 44% in the general male Norwegian population the same year. If this difference in smoking habits had also persisted in the past a slight confounding effect of smoking cannot be ruled out in the present study.8
The observed excess of colonic cancer was found mainly among long term employees, but did not seem to be associated with any particular occupational category. When studying the incidence of cancer among employees at five ferroalloy plants in another part of this project, the only plant with an observed excess of colonic cancer (Il cases observed, 5-8 expected) was a ferrosilicon plant, which also produced calcium carbide up to 1968.5 We have no previous information, however, which might suggest an association between colonic cancer and agents related to the calcium carbide process.
Of the occupational exposure factors associated with colonic cancer, asbestos exposure seems to be among the best documented.9 10 Since no definite excess of lung cancer was observed among the employees at the two plants, we are reluctant to suggest exposure to asbestos as a possible cause of the observed excess of colonic cancer in these cohorts.
Regional differences in the incidence of colonic cancer may explain some of the observed result, as the rural incidence rates of colonic cancer for the period 1972-6 in the county in which the plant is located was 16% higher than the national figures for rural areas. " Applying county rural rates to the cohort leads to a change in SIR from 2-09 to 1-80, which is still a significant result.
A significant excess of cancer of the prostate was also observed in this cohort of calcium carbide workers. From table 7, it may be seen that a considerably higher incidence of prostatic cancer was observed in men in Odda municipality compared with both county and national figures. These observations are difficult to interpret. As prostatic cancer occurs mainly in old age, and is often diagnosed by chance at necropsy, the incidence figures reported to a national cancer registry from a region depend on the frequency of necropsy in the area. No more necropsies seem to have been performed during the study period at the local hospital than elsewhere in Norway (C Oulie: personal communication). In the period 1966-75, 1-% of the prostatic cancers in the rural regions of western Norway have been registered on the basis of 242 accidental necropsy findings, compared with 1-3% in the remaining country, and 12% in the Oslo region. These figures indicate that the observed excess can hardly be explained by differential ascertainment of the diagnosis. Neither was there any difference in the mean age at diagnosis of prostatic cancer between the cases in the cohort and in the population at large. The possible contribution of occupational factors to the observed excess of prostatic cancer in these areas should therefore be considered. An excess of prostatic cancer has been reported among a variety of occupational groups, but no common aetiological agent has as yet been identified.'2 Several studies have shown increased risk for prostatic cancer associated with exposure to cadmium possibly related to cadmium as a zinc antagonist.'3 No known exposure to cadmium occurs at the plant but another plant in the same village has produced both zinc and cadmium for many years. Interchange of workers between the study plant and the zinc plant has been traditional in this small community, but further investigation showed that only one of the 25 men with prostatic cancer had been employed at the other plant. He had worked in the zinc pot room and was presumably exposed to low concentrations of cadmium for 15 years.
One might also speculate if cadmium in the environment may have played some part in the observed excess of prostatic cancer in this area. Winkelstein and Kantor have suggested environmental cadmium exposure as a possible cause of prostatic cancer in urban areas,'4 and the zinc and cadmium producing plant in Odda has for many years contributed to high concentrations of cadmium in the environment (Environmental Protection Committee of Odda, 1974) .
Agents associated with electrometallurgical processes using carboneaceous electrodes might also be considered in this connection. Among employees in a ferrosilicon plant in another part of this project, 20 cases of prostatic cancer were observed versus 12-8 expected,5 and an excess of prostatic cancer has also been observed in the ferrochromium industry.4 Occupational factors other than cadmium might therefore be important in the development of prostatic cancer.
The observed deficit of stomach cancer (O/E = 5/10 28) also deserves attention, as the incidence of stomach cancer in the rural parts of the county in which the plant is located was 25% higher than the Kjuus, Andersen, and Langdrd national figures in the period 1972-6." We have no definite explanation for this observation, but positive health selection of people without gastric symptoms for shift work might possibly have contributed to this result. The occurrence of type 1 errors might also be considered for several of the observed associations.15
